Objective: To compare overall survival (OS) in patients with cervical spine metastases between initial radiotherapy followed by surgery and initial surgery followed by radiotherapy. Methods: The medical records of 36 patients with cervical spine metastases from January 2007 to December 2015 were retrospectively analyzed. These patients were divided into 2 groups. Group 1 included patients who underwent initial radiotherapy followed by surgery, while group 2 included patients who underwent initial surgery followed by radiotherapy. Clinical outcomes, OS, OS after cervical spine metastasis, and OS after surgery were analyzed in both groups. We evaluated whether primary tumor type, initial treatment modality, the modified Tomita score, Eastern Cooperative Oncology Group performance status, Karnofsky performance status, Japanese Orthopedic Association (JOA) score, Nurick grade, Frankel classification, and preoperative symptoms were associated with OS after cervical spine metastasis. Results: Both groups exhibited improvement in the postoperative visual analogue scale, but only group 2 showed a significant improvement in postoperative JOA score (p = 0.03). OS did not differ significantly between groups. However, OS after cervical spine metastasis was only 7.0 months (95% confidence interval [CI], 4.8-9.3) in group 1 versus 15.8 months (95% CI, 8.8-24.0) in group 2, which represented a significant difference (p < 0.05). Factors related to OS after cervical spine metastasis were primary tumor type, initial treatment modality, and preoperative symptoms (p < 0.05). Patients who presented with only preoperative pain had approximately 3 fold longer OS after cervical spine metastasis than patients with preoperative motor weakness, even in group 2 (p < 0.05). Conclusion: Surgical treatment prior to the onset of motor weakness or radiotherapy may be a good decision in case of cervical spine metastasis.
INTRODUCTION
Spinal epidural metastases occur in more than 50% of patients with malignant disease, [1] [2] [3] and 10% to 20% of these patients develop neurologic deficits. 4 Cervical spine metastases represent up to 20% of all metastatic spinal tumors. The outcomes of cervical spine metastases, such as paraplegia, quadriplegia, and respiratory failure, can be more serious than the outcomes of thoracic and lumbar metastases. 4 Patients typically undergo nonsurgical treatment at the initial stage of symptomatic cervical spine metastasis. 5 Surgical treatment has been limited to tissue diagnosis, resolving mechanical instability, and as a second-line treatment when radiotherapy fails. 6 Recently, significant advances have been made in the neurosurgical management of spinal metastases, and surgical treatment can rapidly decompress spinal structures. 7 Despite advanc-es in spinal surgery for spinal metastases, few authors have reported the results of surgical treatment for cervical spine metastases, 5, 8, 9 although some larger surgical studies have included results on spine metastases. Few studies have assessed whether initial radiotherapy influenced subsequent surgical treatment.
We analyzed clinical outcomes and survival in patients with cervical spine metastases managed by surgery at 2 different times: initial radiotherapy followed by surgery and initial surgery followed by radiotherapy. We also investigated the clinical factors associated with survival after cervical spine metastasis.
MATERIALS AND METHODS

Patient Selection
Medical records from 47 patients who underwent surgery for cervical spinal metastasis at spine tumor center of Samsung Medical Center between January 2007 and December 2015 were reviewed. Patient demographics and clinical characteristics were obtained from electronic medical records. Institutional Review Board approval of Samsung Medical Center was obtained (2016-07-164). The inclusion criteria were as follows: (1) age > 18 years, (2) underwent surgery of the cervical spine due to a metastatic tumor, and (3) histologic confirmation of a metastatic tumor. Patients with hematologic neoplasms, such as multiple myeloma and lymphoma, were excluded from this study. Furthermore, patients who underwent vertebroplasty or kyphoplasty were excluded.
Finally, 36 patients were enrolled in the study. The patients were divided into 2 groups according to the first treatment modality used after cervical spine metastasis. Twelve patients underwent initial radiotherapy after the diagnosis of cervical spine metastasis followed by surgery (group 1). Twenty-four patients underwent initial surgery followed by radiotherapy (group 2) (Fig. 1) . Clinical outcomes and survival were compared between the 2 groups, and prognostic factors for survival after cervical spine metastasis were analyzed.
Details of Surgical Treatment and Radiotherapy
Indications for surgical treatment were as follows: (1) neurologic complications related to a metastatic tumor, (2) local or referred pain that did not respond to radiotherapy or medical treatment, (3) axial or translational instability due to a pathological fracture, and (4) local tumor progression after radiotherapy.
The surgical approach was chosen according to the site of metastases on the vertebral bodies, the level of the cervical spine, and the number of levels involved. 10, 11 A typical anterior approach to the cervical spine with partial or total corpectomy, vertebral body replacement, and subsequent anterior plate stabilization was used. Vertebral bodies were reconstructed with a mesh cage filled with autografts, tricortical iliac allografts, or polymethylmethacrylate, and instrumentation was performed with a cervical plating system (Zephir plate system, Medtronic Sofamor Danek, Memphis, TN, USA). In the posterior approach, spinal cords were decompressed and cervical spine stabilized with a lateral mass screw-rod or pedicle screw-rod fixation system (Vertex system, Medtronic Sofamor Danek) (Fig. 2) . Conventional radiotherapy considered the tumor location and primary tumor histology. The radiation dose was modulated from 36 Gy/12 Fr to 20 Gy/5 Fr (30 Gy/10 Fr). In group 2, radiotherapy began 2-8 weeks after surgery depending on the patient's general condition and the surgical wound.
Clinical Evaluations
All patients were evaluated at hospital admission and at follow-up every 3 months after cervical spine metastases by a neurosurgeon in the outpatient department. A visual analogue scale (VAS) was used to evaluate pain. The degree of myelopathy was assessed with the Nurick grade, 12 Japanese Orthopedic Association (JOA) score, 13 classification was converted into a number (e.g., grade E = 5 and grade A = 1). The growth rate of the primary tumor and extent of metastasis were assessed with the modified Tomita scoring system reported by Kim et al. 15 This system categorized hepatobiliary cancer into a moderate growing tumor instead of rapid growing tumor, and readjusted it from 4 to 2 points in primary tumor section of Tomita scoring system. General functional status was assessed with the Eastern Cooperative Oncology Group (ECOG) status and Karnofsky performance status (KPS). 16, 17 The stability of the cervical spinal metastasis was assessed with the spinal instability neoplastic score (SINS). 
Survival Analysis and Prognostic Factors
Survival was calculated from three different starting points. Overall survival (OS) was defined as the time from diagnosis of the primary tumor to death. OS after cervical spine metastasis was defined as the time from diagnosis of cervical spine metastasis to death. OS after surgery was defined as the time from postoperative day 1 until death. OS, OS after cervical spine metastasis, and OS after surgery were analyzed in each group. OS after cervical spine metastasis was used to identify prognostic factors.
Patients were divided into 2 groups according to initial treatment modality (radiotherapy vs. surgery), primary tumor type divided by modified Tomita score system (rapid growing vs. moderate and slow growing tumor), and modified Tomita score (> 5 vs. ≤ 5). A modified Tomita score of 5 was used to determine whether a patient was an appropriate surgical candidate. Patients were also categorized by general performance status, ECOG status (> 2 vs. ≤ 2) and KPS (< 80 vs. ≥ 80); by preoperative neurologic deficit, JOA score (< 14 vs. ≥ 14), Nurick grade (> 1 vs. ≤ 1), and Frankel grade (≤ D vs. E); by instability, SINS (≥ 13 vs. < 13); and by preoperative symptoms (motor weakness vs. pain only). To determine whether these factors affected OS after cervical spine metastasis, a Cox proportional hazards model was used.
Statistical Analysis
Chi-square and Fisher exact tests were used to analyze categorical variables, and Student t-test, paired t-test, and MannWhitney U-test were used to analyze continuous and ordinal variables, as appropriate. Survival curves, which were created by using Kaplan-Meier survival analysis with the log-rank test, were used to compare survival between groups. Significant prognostic factors from univariate analysis were included in the multivariate analysis with the Cox proportional hazards model. A p-value < 0.05 (2-tailed) was considered statistically significant. Data were analyzed with commercial software (IBM SPSS Statistics ver. 23.0, IBM Co., Armonk, NY, USA).
RESULTS
Clinical Information
Patient demographics and clinical data are summarized in Table 1 . Mean age in both groups was 57.6 years (range, 38-73 years). The study population included 30 men and 6 women. The last evaluation was performed in December 2015 with a mean follow-up of 42 months. Fifteen patients had rapid growing tumors, 17 had moderate growing tumors, and 4 had slow growing tumors. In total, 39 cervical spine levels were involved. Eight of these (20.4%) were atlantoaxial cervical spines, and 31 (79.6%) were subaxial. Three patients in group 2 were alive at the end of the study. VAS, modified Tomita score, ECOG status, and KPS showed similar results in both groups. JOA score, Nurick grade, SINS were better in group 1 than group 2, but the differences were not significant (p > 0.05).
Clinical Outcomes
All 8 patients with cervical spine metastases at the occipitocervical junction were treated with a posterior approach. Of the 28 patients with cervical spine metastases at the subaxial cervical spine, 25 were treated with an anterior approach, 2 with a posterior approach, and 1 with a combined approach. Surgical complications occurred in 7 patients (19.4%): screw pull-out in 1 patient, pneumonia in 2 patients, wound dehiscence in 2 patients, and infection in 2 patients.
Both groups had improved VAS scores after surgical treatment. VAS scores decreased from 7.3 ± 2.4 to 2.4 ± 1.6 in group 1 and from 7.3 ± 2.1 to 1.8 ± 1.2 in group 2. The difference be- tween pre-and postoperative VAS scores were statistically significant (p < 0.01) in each group, but the improvement in VAS did not differ significantly between groups. In group 1, pre-and postoperative JOA scores were 14.3 ± 1.6 and 14.9 ± 1.3, respectively, which were not significantly different (p = 0.089). Preand postoperative JOA scores in group 2 were 12.7 ± 3.3 and 14.0 ± 2.2 points, which showed a statistically significant change (p = 0.03). JOA score at 6, 9, and 12 months decreased slightly in both groups from 12.1 ± 3.4 to 10.6 ± 4.1 and 9.6 ± 3.9, respectively. Nurick grade did not improve significantly after surgical treatment. In group 1, it changed from 1.9 ± 1.0 to 2.1 ± 1.3 and from 2.5 ± 1.4 to 2.2 ± 1.5 in group 2. Frankel classification also did not improve significantly after surgery. In group 1, it changed from 4.3± 0.7 to 4.3± 0.5 and from 4.0± 0.8 to 4.1± 0.6 in group 2. This trend maintained in subgroup analysis based on modified Tomita scoring system (Table 2 ). Both groups divided into 2 subgroups (longer and shorter life expectancy group) according to five points of Tomita score, both subgroups also showed significant improvement of VAS (p < 0.033). However, group 1 failed to showed significant improvement of JOA score in both subgroups. Especially, patients with Tomita score ≤ 5 in group 2 showed significant improvement of JOA score. Patients with Tomita score > 5 in group 2 also showed improvement of JOA score, but it was not significant. As previously stated, Nurick grade and Frankel classification did not show the significant improvement in subgroup analysis.
Survival Analysis
Thirty-three patients died during follow-up. Three patients were alive at the final follow-up visit. The mean OS was 41.4 months in group 1 (95% confidence interval [CI], 15.3-67.5) and 46.2 months in group 2 (95% CI, 30.6-63.1). OS did not differ significantly between groups (p = 0.694). The mean OS after cervical spine metastasis was 7.0 months in group 1 (95% CI, 4.8-9.3) and 15.8 months in group 2 (95% CI, 8.8-24.0), which was significantly different (p= 0.015). The mean OS after surgery was 4.5 months in group 1 (95% CI, 3.4-5.5) and 15.3 months in group 2 (95% CI, 7.1-23.4) (Fig. 3) . Group 2 had significantly longer survival after cervical spine metastasis and after surgery than did group 1 (p < 0.05) (Fig. 4) . The 1-year survival rate after cervical spine metastasis was 16.7% in group 1 and 41.7% in group 2.
Of the 36 patients, 13 presented with pain only, 1 presented with motor weakness only, and 22 presented with both symptoms. We compared OS after cervical spine metastasis according to preoperative symptoms among patients who underwent initial surgical treatment (group 2). In group 2, 33.3% of patients presented with pain only. We tried to evaluate whether OS after cervical spine metastasis differed according to the presence or absence of motor weakness before surgery. In group 2, patients who presented with pain only lived longer than those who presented with motor weakness (p = 0.001). OS after cervical spine metastasis was 30.4 months (95% CI, 22.8-38) in patients who presented with pain only and 8.0 months (95% CI, 4.1-11.9) in patients who presented with motor weakness, a 3-fold increase in patients who presented with pain only.
Prognostic Factors for Survival
In a univariate analysis, OS after cervical spine metastasis was significantly associated with primary tumor type (p = 0.004), initial treatment modality (p = 0.019), Modified Tomita score (p = 0.003), KPS score (p = 0.04), and preoperative symptoms (p = 0.002) ( Table 3) .
The prognostic factors determined by univariate analysis were included in a multivariate analysis. In the multivariate analysis, OS after cervical spine metastasis was significantly associated with primary tumor type (rapid growing vs. moderate and slow growing tumor; HR, 2.27; 95% CI, 1.02-5.02; p = 0.044), initial 
DISCUSSION
Since the 1980s, advances in surgical technique and the advent of spinal implants have allowed for better removal of tumors with immediate spinal cord decompression, while stabilizing and reconstructing the spine. Decompressive surgery and spine stabilization are widely and effectively used in patients with spinal metastases. 5, 8, 9 Furthermore, these procedures are associated with less pain, improved neurological function, and better OS than with nonsurgical treatment. 
Clinical Outcomes
In the present study, surgical treatment effectively controlled pain, and radiotherapy before surgical treatment did not seem to prevent this improvement. JOA scores after surgical treatment, however, differed significantly between groups. JOA scores only improved significantly after surgical treatment in group 2, especially patients with Tomita score ≤ 5. This difference could be explained by results from previous studies. One study reported that preoperative radiotherapy could prevent neurological recovery after surgical treatment. Chaichana et al. 20 stated that preoperative radiation may directly (through radiation-induced myelitis) and indirectly (through reactive gliosis, fibrosis, and compromised spinal cord blood supply) prevent neurological recovery after surgery. These untoward effects of radiotherapy might have affected postoperative neurologic status in group 1. Nurick grade and Frankel classification did not improve significantly after surgical treatment in either group. The improvement in JOA score in group 2 was slight, about 2 points. Neither Nurick grade nor Frankel classification is sensitive enough to identify slight clinical changes between grades. A detailed grading system may be necessary to assess patients with cervical spine metastasis. Twenty-one patients (58.3%) in the current study had a measurable neurological improvement in JOA score. Neurological function tended to decrease during follow-up. JOA score suddenly decreased between 6 and 9 months after surgery. These decreases could be explained by recurrence of metastatic tumors at the surgical site or new metastases at other sites.
Surgical Treatment Related Complication
Surgical complications occurred in 7 patients (19.4%). One pneumonia and screw pull out were observed in 2 patients of group 1. One pneumonia, 2 wound dehiscence, and 2 wound infections were checked in 5 patients of group 2. Wound problems occurred with frequency in group 2. This incidence of complication is similar to those of earlier studies. Previous studies have reported complication rates of 10% to 30%. 21, 22 No patients experienced injuries of the vertebral artery or death due to surgical complications. One patient who had a screw pull out underwent revision surgery.
Survival Analysis
Improvements in spinal surgery for spinal metastatic disease have been shown to resolve intractable pain and improve neurologic deficit, but whether they can extend life expectancy remains an open question. 1, 23, 24 Modified Tomita score, ECOG status and KPS were similar in both groups, and OS did not differ significantly between groups in the present study. OS is mainly influenced by the histology of the primary tumor and visceral metastases of major organ and surgical outcomes of primary cancer, not the initial treatment modality or timing of surgical treatment for spinal metastases. 1, 4, 23 However, OS after cervical spine metastasis differed significantly between groups in our series (Fig. 4) . This phenomenon might be a result of the relatively long period from diagnosis of the primary cancer to cervical spine metastasis. The mean for this period was about 30.1 ± 35.8 months in our study, which was longer than OS after cervical spine metastasis. This period accounted for most part of OS and was determined by the histology of the primary tumor and visceral metastases of major organ and surgical outcomes of primary cancer. Thus, we thought that surgical treatment would have an effect on OS after cervical spine metastasis, but its effect on OS was minimal. In the present study, OS after cervical spine metastasis differed significantly between groups, but the significance disappeared when the period from diagnosis of the primary cancer to cervical spine metastasis was added in.
Impact of Cervical Spine Surgery
Some authors have reported that early surgical decompression before irreversible neural injury may reduce damage to the spinal cord and nerve roots, allowing good recovery of neurologic function. 25, 26 Radiation therapy cannot affect epidural cord compression with progressive vertebral destruction and posterior vertebral body retropulsion. Thus, the neurological status of patients usually worsened during radiotherapy, which might lead to reduced OS after cervical spine metastasis. Moreover, surgical difficulties with anterior decompression, surgical morbidities, and postoperative recovery in the cervical spine differ from those in the thoracic and lumbar spine. 27, 28 An anterior approach for the cervical spine, which was used in 25 cases, is relatively easy and safe with regard to soft tissue dissection and visualizing and removing infiltrated vertebral bodies. 6, 29, 30 An anterior approach for the cervical spine also provided more decompression than did a posterior approach. These features of the cervical spine might increase the effect of surgical treatment.
Prognostic Factors for Survival
Previous studies reported that the life expectancy of patients with spinal metastasis depends on the primary tumor type, [31] [32] [33] and primary tumor type is a significant prognostic variable. 34, 35 Heidecke et al. 36 conducted a study similar to ours but up to 21% of patients had lymphoma or multiple myeloma. They found that the primary tumor histology, extent of metastasis, and baseline general condition as measured by KPS score were the most important prognostic factors. We obtained analogous results in the current study excluding lymphoma and hematologic malignancy. Good prognostic factors affecting OS after cervical spine metastasis in univariate analysis were moderate and slow-growing tumor types, a modified Tomita score of less or equal than 5, KPS of greater than 80, initial surgical treatment, and preoperative pain without motor weakness (Table 3) . In multivariate analysis, modified Tomita score and KPS were no longer statistically significant. Moderate and slow growing tumor type, initial surgical treatment, and preoperative pain remained statistically significant (Table 3) . Our results support the findings from previous reports that primary tumor type and preoperative symptoms were prognostic factors. 22, 37 We also found that initial surgical treatment in patients with cervical spine metastasis increased OS after cervical spine metastasis by the limited methods of comparison between groups.
Earlier studies found that preoperative motor function at the diagnosis of spinal metastasis is the most important predictor of postoperative neurologic status. 20, 32, 38 Furthermore, preoperative motor weakness was a negative predictor of OS after cervical spine metastasis in our study (p = 0.002). OS after cervical spine metastasis differed significantly depending on the presence or absence of preoperative motor weakness in patients who received initial surgical treatment (group 2). In clinical practice, most motor weakness results from epidural cord compression. 39 Some authors have stated that 60%-85% of patients with metastatic epidural spinal cord compression have motor weakness. 35 If epidural cord compression on cervical magnetic resonance imaging was found in patients without motor weakness, surgical treatment of cervical spine metastasis could be considered. For these reasons, surgical intervention, instead of radiotherapy, could be preferred for patients with cervical spine metastasis. The optimal timing of surgical treatment for cervical spine metastasis is difficult to determine and remains a topic of debate. Nevertheless, patients with cervical spine metastasis who do not have motor weakness and have not received radiotherapy may be good candidates for surgical treatment.
Limitation
This study is limited by its retrospective design and small sample size. This study may be affected by selection bias because our institution is one of many spine centers that have different concentrations of patients with cervical spine metastasis. However, Modified Tomita score, JOA score, pain VAS, Nurick grade, and Frankel classification were similar between groups. Another limitation is that surgeons from a single institution decided on the surgical approach. An anterior approach accounted for 25 cases in the present study (69.4%). Finally, this study did not have an even distribution of primary tumor types; slow growing tumors were small, respectively. These factors should be kept in mind when interpreting the results.
CONCLUSIONS
Patients who underwent initial surgical treatment showed good improvement in postoperative neurologic recovery. Surgical treatment instead of radiotherapy could be advantageous in patients with cervical spine metastasis. The optimal timing of surgical treatment for cervical spine metastasis is difficult to determine and remains a topic of debate. Nevertheless, surgical treatment prior to motor weakness or radiotherapy may be a good decision in case of cervical spine metastasis.
